Distributed generation (DG) is an important issue for distribution networks due to the improvement in power losses, but the location and size of generators could be a difficult task for exact techniques. The metaheuristic techniques have become a better option to determine good solutions and in this paper the application of a bat-inspired algorithm (BA) to a problem of location and size of distributed generation in radial distribution systems is presented. A comparison between particle swarm optimization (PSO) and BA was made in the 33-node and 69-node test feeders, using as scenarios the change in active and reactive power, and the number of generators. PSO and BA found good results for small number and capacities of generators, but BA obtained better results for difficult problems and converged faster for all scenarios. The maximum active power injections to reduce power losses in the distribution networks were found for the five scenarios.
Introduction
Power losses of distribution networks have always been an important issue due to the energy efficiency and the costs that the problem represents for electricity companies. This problem has usually been solved using feeder restructuring [1] , DG placement [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] , capacitor placement [1, 11] and network reconfiguration [12, 13] .
Location and size of distributed generation in distribution networks has difficulties due to the combination of the number and capacities of generators, and the selection of the best nodes. Several algorithms have been used to solve the problem such as particle swarm optimization [14] [15] [16] , ant colony [17] , optimal power flow [18] , analytical methods [19, 20] , evolutionary algorithm [21] [22] [23] [24] , and simulated annealing [25] [26] [27] , among others [14, 28, 29] .
PSO have been widely used to solve this problem [30] , but some convergence problems have been identified [31] . BA has been proposed as a good technique to optimize several functions [32] , but more research is needed to determine the performance for power system problems.
In this paper, BA and PSO were used to obtain the solutions to a problem of location and size of generators. A comparison of the two algorithms was conducted changing capacities and the number of generators in two distribution networks.
Power losses
The total active power losses in distribution networks can be calculated as the sum of the active power losses of each branch, as shown in (1) . * (1) where, P Loss is the total active power losses, b is the branch number, nb is the number of branches, I b is the series current that circulates through the branch b, and R b is the resistance of the branch b.
The total reactive power losses can be calculated as the sum of the reactive power losses of each branch, as shown in (2). * 2 where, Q Loss is the total reactive power losses, b is the branch number, nb is the number of branches, I b is the series current that circulates through the branch b, and X b is the reactance of branch b.
As the demand increases, the current increases and the power losses are higher, due to the long distance from the generators to supply the demand. Centralized generation does not allow a reduction of power losses, to improve voltage levels at critical nodes or to reduce network congestion. Therefore, distributed generation is a better option to supply power to the load.
Distributed generation model
Location and size of DG were modeled in this research as a vector representing the active power, the reactive power, and the node at each iteration k, as shown in (3).
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where, d is the DG number (d=1, 2…ndg), and ndg is the maximum number of DG.
is the generator d located at node i with an active and a reactive power at the iteration k. and are the active and reactive power of the generator d, located at node i at the iteration k.
is the node of the DG at the iteration k.
changes between the minimum active power and the maximum active power of the generator d. changes between the minimum reactive power and the maximum reactive power of the generator d. changes position among all possible PQ nodes, searching for the best location during the iterations.
The new active power injection can be calculated as the sum of the real power and the change of active power at each iteration, as shown in (4) .
where, is the new active power at the iteration k, 1 is the last value of active power at the iteration k-1, and ∆ is the changes in active power at the iteration k. The new reactive power generation can be modeled as the sum of the last reactive power calculated and the new power change at the current iteration k, as shown in (5).
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where, is the new reactive power at the iteration k, is the last value of the reactive power at the iteration k-1, and ∆ is the new change in reactive power at the iteration k.
The active and reactive power supplied by the generators located at each node i, were limited by the minimum and maximum values as shown in (6) and (7). In this research, all generators were considered to supply the active power up to the maximum value with a power factor of 0.98. During the search of an active power, the reactive power was adjusted to maintain the operation of each generator at the same power factor.
Location and size of distributed generation
This optimization problem was formulated as the minimization of the active power losses, with respect to the change in power of all new DG at nodes i, as shown in (8) .
where, OF is the objective function, b is the branch number and nb is the number of branches. P Loss,b is the active power losses of each branch b.
is the vector of generators located at different nodes in the distribution network, as defined in (3) . d is the generator number and nd the total number of generators.
This objective function is subject to the following constraints: where, i is the node and n is the number of nodes. P Gi and Q Gi are the active and reactive power generation at node i, respectively. P L and Q L are the active and reactive power of all loads, respectively. P Loss and Q Loss are the active and reactive power losses, respectively. and are the minimum and maximum active power of the generator located at node i, respectively. and are the minimum and maximum reactive power generation, respectively. V i is the voltage at node i, I ij is the current supplied from node i to node j, and I ji is the current supplied from node j to node i. V i
Min and are the minimum and maximum voltage at node i, respectively. and are the maximum line currents from buses i to j and j to i, respectively.
Optimization techniques

Particle swarm optimization
PSO is a metaheuristic based on the behavior of birds or fishes. This iterative method moves all particles to the best local and the best global solutions.
The algorithm presented in this paper was based on [30] with the following steps: 1. Generate the initial population. 2. Generate the initial velocities of each particle, using (9). 3. Evaluate the objective function for each particle and find the fitness F( ). 4. Select the particle with the best location according to the best fitness F best . 5. While (t < Maximum iteration) a. Generate new positions adjusting the velocities of each particle according to (10) and (11). b. Evaluate the objective function for the new particles and find the new fitness
Update the best solution End if End while. Initial velocities are generated between the minimum and maximum values, as shown in (9) .
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Where v p is the velocity of the particle and is the maximum velocity of each particle p.
The velocity of each particle is updated at each iteration k, as shown in (10) . * * * * * 10 where, is the velocity updated at the iteration k. w, a and b are the parameters of PSO, respectively. p is the number of the particle (p=1,2,3….np) and np is the number of particles.
is the previous velocity at the iteration k-1. and are random numbers generated at each iteration to multiply the action over the direction of each particle to the local best or the global best, respectively.
is the position of each particle p at the iteration k, is the previous position of the particle p at the iteration k-1, and is the position of the best particle. The new position of the particle , is updated after adding the new velocity to the previous position , as shown in (11).
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A vector containing the position of the DG, , was considered to locate the generation at PQ buses. This vector contains all DG installed in the distribution network, with the active and reactive power and the nodes (12) 12 where, is the position of the particle containing the power and the nodes of all DG.
is the vector of velocities for each generator at the iteration k. is the vector of positions of all DG at the previous iteration k-1.
Bat-inspired algorithm
BA is a metaheuristic based on the behavior of the bats during the search for their prey. This algorithm was presented by [32] and the steps used in this paper were defined as follows:
1. Generate the initial population. 2. Initialize the velocities of bats 3. Define the pulse rate r p , the frequency f p and the loudness A p . 4. Evaluate the objective function for each bat and find the fitness F( ). 5. Rank the bats and select the best 6. While (t < Maximum iteration) a. Generate new positions adjusting the velocities with the frequency according to (13) where, p is the number of the bat, f p is the frequency of the bat p, is the maximum frequency, is the minimum frequency and β p is a random number to generate different frequencies.
The velocity of each bat was updated using the previous velocity k-1, and the difference between previous position x p and the best , multiplied by the frequency f p , as shown in (14) . *
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The new position of each bat is calculated using (11), with as the new position of the bat, the new velocity and the previous position 1 . The vector of position of DG for this technique was modeled using (12).
Test systems and simulations
Test system cases
Most of the loads are supplied using radial distribution networks and this test focused on determining the location and size of distributed generation. Therefore, the 33-node and the 69-node test feeders were selected to test the algorithms. General information about the test feeders can be found in Table 1 . 
Scenarios for the simulation
Five scenarios of active and reactive power capacities of DG were tested to determine the best algorithm. Table 2 shows the five scenarios, the maximum active and reactive power per generator, and the total active and reactive power generation. where, P DGd and Q DGd are the active and reactive power of generator d, respectively. P DGT and Q DGT are the total active and reactive power of all generators to be installed in the distribution network, respectively.
General parameter of the algorithms
PSO and BA were compared in this research to determine the best location and size of DG in distribution networks. Comparisons of the minimum objective functions were carried out, considering the following parameters:
 200 individuals  100 iterations  The same initial population  The same programming structure.  Comparable velocities for updating positions. The test consisted in achieving similar characteristics for the algorithms to obtain the efficiency of each technique. Furthermore, the test was based on determining the best solutions according to the number of generators and capacities. Tables 3 and 4 show the results of DG location and size for the five scenarios and the seven generators installed in the 33-node and 69-node test feeders, respectively. P T is the total power supplied by the new generators located in the network. P Loss is the total power losses of the distribution network obtained for each scenario. From the results shown in the two tables, the algorithm PSO obtained good results for the location of a small number of generators and small capacities. When the number of generators and the capacity increase, the convergence was affected and the solutions were not what was expected.
Results and Discussion
Location and size of DG
BA obtained similar results to PSO for a small number of generators and capacities, but when the problem increased the solutions were improved using BA. BA determined a better reduction in power losses and the results were consistent according to the number, capacity and location of generators.
The two algorithms found compensations according to the maximum power inclusions of each node. The results show the power generation for cases with the maximum power generation, the algorithms found solutions where not all capacity is needed and the power losses increase with more injection from generators.
The algorithms found different solutions around the maximum power inclusion for each node according to the power losses reduction. Some scenarios supply more real power, but the power losses are higher. Fig. 3 shows the convergence of the algorithms using the scenario of maximum active power and five generators. The test was conducted using 200 individuals and 100 iterations. The average of all solutions were used to evaluate the behavior of the individuals and the evolution of all values.
Convergence of the algorithms
PSO slowly reduced the average of the solutions and the number of evaluations made to solve the problem was not enough to find better solutions.
BA converged faster than PSO and found better solutions for the same number of iterations. During the first ten iterations, this technique reached good solutions and the search is centered on reducing to the minimum value. Fig. 4 and 5 show the results of BA to reduce power losses with DG in the 33-node and the 69-node test feeders, respectively. Fig. 4 shows that the active power losses were reduced according to the number, capacities and locations of generators. The maximum active power injection to reduce power losses was found for all five scenarios in the 33-node test feeder. Fig. 5 shows similar results for power loss reduction in the 69-node test feeder, but the maximum power injection was found for a smaller number of generators and capacities.
Power losses reduction
Conclusions
PSO and BA were tested to find location and size of DG in two radial distribution networks. PSO found good results with a small number of generators and capacities, but for more difficult problems the search was not successful. BA showed good results for minimizing power losses for the five scenarios, obtaining consistent results when changing capacities, locations, and the number of generators. BA converged faster than PSO and found better solutions for all scenarios. Power losses were reduced according to the number of generators and capacities, but the maximum reduction was found depending on the number of generators and capacities. 
